Introduction C trachomatis is a well known cause of 30%-50% of non-gonococcal urethritis (NGU).' No other microorganism has been shown to cause any larger proportion of the remaining NGU cases. Treatment trials have indicated a role for Ureaplasma urealyticum in some 10% of NGU.2 Ureaplasmas, however, have been isolated with the same high frequency from sexually transmitted disease (STD) patients with and without urethritis in many studies,'34 so the mere presence of ureaplasmas is not a sufficient indication of disease. The symptomatic effect of tetracyclines in the treatment of patients with urethritis from whom neither chlamydiae, nor ureaplasmas and other mycoplasmas could be isolated, led to the suspicion that uncultivable mycoplasma species could be the aetiology in a proportion of the unexplained cases of urethritis. In the search for such fastidious mycoplasmas Mycoplasma genitalium was isolated in 1981 by culture from two patients with NGU.5 Despite several attempts this organism has, however, not been isolated from the urogenital tract since that time. M genitalium has several properties in common with mycoplasmas known to cause disease, most prominently M pneumoniae: adherence to erythrocytes, epithelial cells, and plastic and glass surfaces; possession of a differentiated terminal structure which mediates adhesion; and ability to cause pathogenic changes in Vero cell cultures. Furthermore, animal studies have shown that M genitalium is able to colonise the male and female urogenital tract of non-human primates,6 8and to elicit a serological response. In some cases inflammatory reactions have also been described.
Isolation of M genitalium from clinical specimens is extremely difficult,9 and diagnostic serology is hampered by extensive cross-reactions with the closely related M pneumoniae.10 1 An attempt to evaluate the prevalence of M genitalium infections in men with urethritis with a DNA probe12 has shown that the organism can be detected equally often in men with acute urethritis and in symptomless controls.
The recent observation that M genitalium could be found in respiratory tract specimens from patients with pneumonia and isolated in coculture with M pneumoniae13 has raised new, interesting questions as to the main tissue tropism and the possible pathogenicity of M genitalium.
The main objective of this study has been to determine the prevalence of M genitalium in male STD patients with and without urethritis. For were used in all manipulations with the samples. Polymerase chain reactions were assembled in a laminar air-flow hood by a technician who was not allowed to handle the amplified samples, and the recommendations of Ehrlich23 were followed. Antibodies (IgM, G, and A) reacted in the EIA with M genitalium antigen at low levels both in patients with and without urethritis, regardless of their reaction in the M genitalium PCR. Two of the PCR positive patients had had complaints of urethritis for 30 days; one of them showed some IgM reactivity but it was not higher than that found in sera from some of the M genitalium PCR negative patients.
The reactivity of the pools of patients' sera selected as standards on the basis of reactions in the M pneumoniae complement fixation test showed parallel reactions in the EIAs with M pneumoniae and M genitalium antigens, although the reactivities with the M genitalium antigen were lower. This indicates a significant amount of cross-reactions.
Discussion
M genitalium DNA was demonstrated significantly more often in men with urethritis than in men without. This points to a possible role of this organism in NGU, but more studies are needed to establish its significance as a pathogen. We find it noteworthy that M genitalium was detected most often in men with non-chlamydial NGU. This may indicate that C trachomatis and M genitalium could act as separate causes of NGU.
The concept of causality has been modified several times since the Henle-Koch postulates were presented in 188425; it has been particularly important to accept the existence of asymptomatic carriers. Taylor-Robinson has outlined these modified criteria that need to be fulfilled before regarding a mycoplasma as a cause of NGU.26 The criteria are briefly: (i) mycoplasmas should be isolated more frequently from patients with disease than from those without; (ii) an antibody response should be demonstrated in patients with disease; (iii) the organisms should disappear and the disease respond to treatment with antimicrobial agents to which the organisms are susceptible in vitro; (iv) the organisms should be able to infect an animal host and produce disease similar to that seen in man; furthermore, they should be recovered during disease from the infected animal. To establish M genitalium as a cause of NGU the fulfilment of criteria (ii) and (iii) are needed. In this study we did not evaluate the response to treatment, neither did we collect convalescent sera. We are planning to do a new study to clarify these issues. Owing to the extensive serological cross-reactions between M genitalium and M pneumoniae," a rise in antibody titre to either species during acute urethritis can only be presumptive for an M genitalium infection if the patient has no concomitant respiratory infection. In this study M genitalium was not detected in specimens from the throat or the rectum indicating that the urogenital tract is likely to be the primary site of infection/colonisation. In previous studies it has been suggested that M genitalium may reside in the gastrointestinal tract due to the higher prevalence of this organism in the urethra of homosexual men as determined by a whole-genomic DNA probe,'2 and the observation of a change in colour of the SP4-media inoculated with rectal swabs from homo-and heterosexual men. 9 The failure to demonstrate M genitalium DNA in the throat swabs does not rule out the possibility that M genitalium may be a pathogen in the respiratory tract in patients with respiratory symptoms. It is remarkable that M genitalium has been isolated only in coculture with M pneumoniae from throat swabs in adults. 13 In this context it remains to be determined whether M genitalium could be acquired by the child from an infected mother during delivery and then become a cause of pneumonia or conjunctivitis in the newborn.
Despite quantitative culturing for U urealyticum we were unable to demonstrate any association between this organism and urethritis (table 3) . This is not surprising since many studies have been unable to prove a significant role for U urealyticum in urethritis (reviewed by Taylor-Robinson3 4). The rare isolation of M hominis may reflect that the media used were not optimal for culture of this species.
Our cultural methods for isolation of M genitalium obviously need to be improved. A very important observation was made during our efforts to culture M genitalium from the PCR positive specimens. Although great care was exercised to avoid sample to sample contamination, one of our PCR positive specimens became infected with M genitalium G-37T, probably from the cultures performed for quality control of the media. The contamination was disclosed only by the differences in restriction enzyme cleavage sites of the PCR product between the type-strain and the clinical specimen. As a consequence we now perform our further comparative studies of media in a laboratory in a separate building.
The concordance of the two PCR primerpairs is encouraging in the sense that in theory the use of a single set of primers should be sufficient to detect all strains of M genitalium. It is obvious from restriction enzyme cleavage patterns of the amplicons produced from the clinical specimens, that M genitalium is a more heterogeneous species than previously assumed.27 Marked differences between individual patients' strains were observed as opposed to the homogeneous pattern observed in the previously isolated strains.'5 Two of the patients harboured M genitalium strains which were so different in the region amplified with the MgPa-476/MgPa-903 primer pair, that an internal oligonucleotide probe did not hybridise. These two patients were indeed true PCR positive because another internal probe hybridised and a third primer-set produced amplicons of the expected size.
The higher prevalence of M genitalium in patients with chlamydia negative NGU is not sufficient to prove that M genitalium can be a cause of NGU, though it is an important criterion. More knowledge about M genitalium may be gained by the use of PCR, also as a marker for the selection of specimens that should be further examined in future culture media and by new methods.
Data from this study have been presented as a poster at the 9th International Congress of the International Organization for Mycoplasmology held in Ames, Iowa, USA 2-7 August, 1992.
